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[57] ABSTRACT

An ESD (Electro-Static Discharge) protection circuit
includes a semiconductor substrate having an active region
and field regions, isolating films formed in the field regions,
a gate insulating film formed on the active region, and a gate
electrode formed on the gate insulating film, first and second
heavily doped impurity regions formed in a surface of the
semiconductor substrate at sides of the gate electrode, a
plurality of dummy gate electrodes formed on the second
heavily doped impurity region and offset from the gate
electrode, insulating sidewalls formed at the sides of the gate
electrode and at sides of each of the dummy gate electrodes,
and salicide films formed on a surface of the gate electrode,
on surfaces of each of the dummy gate electrodes and on a
surface of the first heavily doped impurity region.

12 Claims, 8 Drawing Sheets
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ESD PROTECTION CIRCUIT AND METHOD
FOR FABRICATING SAME USING A
PLURALITY OF DUMMY GATE
ELECTRODES AS A SALICIDE MASK FOR A
DRAIN

This application claims the benefit of Korean patent
application No. 737/1998, filed Jan. 13, 1998, which is
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an ESD (Electro-Static
Discharge) protection circuit for a semiconductor device and
a method for fabricating the same that simplifies the fabri-
cation process.

2. Discussion of the Related Art

In general, all current semiconductor devices use salicides
to reduce circuit operation speeds. However, in order to
provide an appropriate ballistic resistance required for a
performance of an ESD protection circuit of a high failure
voltage, a salicide protection mask is applied to prevent
formation of a salicide in a region to be used as the ESD
protection circuit.

A conventional ESD protection circuit and a conventional
method for fabricating the same will be explained with
reference to the attached drawings.

FIG. 1 illustrates a lay-out of the conventional ESD
protection circuit, and FIG. 2 illustrates a section across line
II—II in FIG. 1. Referring to FIGS. 1 and 2, the conven-
tional ESD protection circuit includes isolating films 12 of
STI (Shallow Trench Isolation) structures formed in field
regions of a semiconductor substrate 11 having an active
region and field regions defined thereon, and a gate insulat-
ing film 13 and a gate electrode 14a formed in the active
region of the semiconductor substrate 11. Insulating side-
walls 16 are formed at both sides of the gate electrode 14a.
First and second heavily doped n-type impurity regions 174
and 17b are formed in a surface of the semiconductor
substrate 11 on both sides of the gate electrode 14a. A
planarizing layer 18 is formed with contact holes 19 expos-
ing surfaces of the first and second heavily doped n-type
impurity regions 17a and 17b. Metal wiring 20 electrically
connects the first and second heavily doped n-type impurity
regions 17a and 17b through the contact holes 19. A salicide
protection mask 10 masks the ESD protection circuit region
during formation of a salicide film on a region other than the
ESD protection circuit region.

FIGS. 3A-3F illustrate sections across line II—II of FIG.
1 showing the steps of a conventional method for fabricating
an ESD protection circuit.

Referring to FIG. 3A, trenches are formed in field regions
of the semiconductor substrate 11 having the active region
and the field regions defined thereon to prescribed depths.
An insulating film is formed on an entire surface of the
semiconductor substrate 11 including the trenches, and is
partly removed by etch back or CMP (Chemical Mechanical
Polishing) to leave the insulating film only in the trenches,
forming the isolating films 12 of the STI structures. As
shown in FIG. 3B, the gate insulating film 13 and a gate
electrode polysilicon layer 14 are formed on an entire
surface of the semiconductor substrate 11 including the
isolating films 12. A photoresist 15 is coated on the poly-
silicon layer 14 and patterned by exposure and development
to define a gate region. As shown in FIG. 3C, the polysilicon

10

15

20

25

30

40

45

50

55

60

65

2

layer 14 and the gate insulating film 13 are selectively
removed using the patterned photoresist 15 as a mask,
forming the gate electrode 14a. As shown in FIG. 3D, an
insulating film is formed on an entire surface of the semi-
conductor substrate 11 including the gate electrode 144, and
is etched back to form the insulating sidewalls 16 at both
sides of the gate electrodes 14a. Then, a high concentration
of n-type impurity ions is injected into the semiconductor
substrate 11 using the gate electrode 14a and the insulating
film sidewalls 16 as masks, to form the first and second
heavily doped n-type impurity regions 17 and 17b in the
surface of the semiconductor substrate 11 on both sides of
the gate electrode 14a. As shown in FIG. 1, after forming the
salicide protection mask 10 such that a salicide film will not
be formed in the ESD protection circuit, a salicide material
is deposited on regions outside the ESD protection circuit
region, and is annealed to form the salicide film, and the
salicide protection mask 10 is then removed and cleaned. As
shown in FIG. 3E, a planarizing layer 18 of BPSG (Boron
Phosphorus Silicate Glass) or SOG (Spin On Glass) is
formed on an entire surface of the semiconductor substrate
11 and selectively removed by photolithography and
etching, forming contact holes 19 exposing surfaces of the
first and second heavily doped n-type impurity regions 17a
and 17b. As shown in FIG. 3F, a metal layer is deposited on
the planarizing layer 18 and in the contact holes 19 and
selectively patterned, forming the metal wiring 20 electri-
cally connecting the surfaces of the first and second heavily
doped n-type impurity regions 17a and 17b through the
contact holes 19.

However, the conventional ESD protection circuit and
manufacturing method have the following problems.

First, the formation of a salicide protection mask only on
a region that operates as an ESD protection circuit increases
the number of fabrication steps and the cost of fabrication.

Second, the over etch of the STI material during removing
and cleaning of the salicide protection mask causes a sharp
increase of a junction leakage current, thus degrading elec-
trical performance of the device.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to an ESD
protection circuit and a method for fabricating the same that
substantially obviates one or more of the problems due to
limitations and disadvantages of the related art.

An object of the present invention is to provide an ESD
protection circuit and a method for fabricating the same that
simplifies the fabrication process, and assures a high failure
voltage and a high reliability.

Additional features and advantages of the invention will
be set forth in the description which follows, and in part will
be apparent from the description, or may be learned by
practice of the invention. The objectives and other advan-
tages of the invention will be realized and attained by the
structure particularly pointed out in the written description
and claims hereof as well as the appended drawings.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described, in accordance with a first aspect of the
present invention there is provided an ESD (Electro-Static
Discharge) protection circuit including a semiconductor
substrate having an active region and field regions, isolating
films formed in the field regions, a gate insulating film
formed on the active region, and a gate electrode formed on
the gate insulative film, first and second heavily doped
impurity regions formed in a surface of the semiconductor
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substrate at sides of the gate electrode, a plurality of dummy
gate electrodes formed on the second heavily doped impu-
rity region and offset from the gate electrode, insulating
sidewalls formed at the sides of the gate electrode and at
sides of each of the dummy gate electrodes, and salicide
films formed on a surface of the gate electrode, on surfaces
of each of the dummy gate electrodes and on a surface of the
first heavily doped impurity region.

In another aspect of the present invention there is pro-
vided an ESD protection circuit including a semiconductor
substrate having an active region and field regions, isolating
films formed in the field regions, a gate insulating film
formed on the active region, a gate electrode formed on the
gate insulating film, first and second heavily doped impurity
regions formed in a surface of the semiconductor substrate
at sides of the gate electrode, a plurality of dummy gate
electrodes formed on the second heavily doped impurity
region, offset from the gate electrode and oriented perpen-
dicular to a direction of orientation of the gate electrode,
insulating sidewalls formed at both sides of the gate elec-
trode and at sides of each of the dummy gate electrodes, and
salicide films formed on a surface of the gate electrode,
surfaces of each of the dummy gate electrodes and a surface
of the first heavily doped impurity region.

In another aspect of the present invention there is pro-
vided an ESD protection circuit including a semiconductor
substrate having an active region and field regions, isolating
films formed in the field regions, a gate insulating film
formed on the active region, and a gate electrode formed on
the gate insulating film, first and second heavily doped
impurity regions formed in surfaces of the semiconductor
substrate on both sides of the gate electrode, a plurality of
dummy gate electrodes formed on the second heavily doped
impurity region, offset from the gate electrode, and oriented
in a direction substantially parallel to a direction of the gate
electrode, insulating sidewalls formed at both sides of the
gate electrode and at sides of the plurality of the dummy gate
electrodes, and salicide films on a surface of the gate
electrode, on surfaces of each of the dummy gate electrodes
and on a surface of the first heavily doped impurity region.

In another aspect of the present invention there is pro-
vided an ESD protection circuit including a semiconductor
substrate having an active region and field regions, isolating
films formed in the field regions, a gate insulating film
formed on the active region and a gate electrode formed on
the gate insulating film, first and second heavily doped
impurity regions formed in surfaces of the semiconductor
substrate at sides of the gate electrode, a plurality of dummy
gate electrodes formed in a checkered pattern on the second
heavily doped impurity region and offset from the gate
electrode, insulating sidewalls formed at sides of the gate
electrode and at sides of each of the plurality of the dummy
gate electrodes, and salicide films formed on a surface of the
gate electrode, on surfaces of the dummy gate electrodes and
on a surface of the first heavily doped impurity region.

In another aspect of the present invention there is pro-
vided a method for fabricating an ESD protection circuit
including the steps of forming field regions and an active
region in a semiconductor substrate, forming isolating films
in the field regions, forming a gate insulating film on the
active region and a conductive layer on the gate insulating
film, selectively removing the conductive layer and the gate
insulating film to form a gate electrode, forming a plurality
of dummy gate electrodes on one side of the gate electrode
and offset from the gate electrode, forming insulating side-
wall spacers at both sides of the gate electrode and at sides
of each of the plurality of dummy gate electrodes, forming
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first and second heavily doped impurity regions in a surface
of the semiconductor substrate at both sides of the gate
electrode and at sides of each of the plurality of dummy gate
electrodes, forming salicide films on a surface of the first
heavily doped impurity region, on a surface of the gate
electrode and on surfaces of each of the plurality of the
dummy gate electrodes, and forming metal wirings for
electrically connecting to the first and second heavily doped
impurity regions.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE ATTACHED
DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention.

In the drawings:

FIG. 1 illustrates a lay-out of a conventional ESD pro-
tection circuit;

FIG. 2 illustrates a section across line II—II of the
conventional ESD protection circuit shown in FIG. 1;

FIGS. 3A-3F illustrate sections across line II—II in FIG.
1 showing the steps of a conventional method for fabricating
an ESD protection circuit;

FIG. 4 illustrates a lay-out of an ESD protection circuit in
accordance with a first embodiment of the present invention;

FIG. 5 illustrates a section across line [IV—IV of the ESD
protection circuit shown in FIG. 4;

FIG. 6 illustrates a lay-out of an ESD protection circuit in
accordance with a second embodiment of the present inven-
tion;

FIG. 7 illustrates a section across line V—V of the ESD
protection circuit shown in FIG. 6;

FIG. 8 illustrates a lay-out of an ESD protection circuit in
accordance with a third embodiment of the present inven-
tion;

FIG. 9 illustrates a section across line VI—VI of the ESD
protection circuit shown in FIG. 8; and

FIGS. 10A-10G illustrate sections across line V—V in
FIG. 6 showing the steps of a method for fabricating an ESD
protection circuit in accordance with the second preferred
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which
are illustrated in the accompanying drawings.

FIG. 4 illustrates a lay-out of an ESD protection circuit in
accordance with a first embodiment of the present invention,
and FIG. § illustrates a section across line IV—IV of the
ESD protection circuit shown in FIG. 4.

Referring to FIGS. 4 and 5, the ESD protection circuit in
accordance with a first embodiment of the present invention
includes isolating films 22 of STI structures in field regions
of a semiconductor substrate 21 having an active region and
the field regions defined thereon. A gate insulating film 23 is
formed on the active region of the semiconductor substrate
21, and a gate electrode 24a is formed on the gate insulating
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film 23 oriented in one direction. First and second heavily
doped impurity regions 27a and 27b are formed in a surface
of the semiconductor substrate 21 on both sides of the gate
electrode 24a. A plurality of dummy gate electrodes 24b are
formed oriented perpendicular to the gate electrode 24a on
the second heavily doped n-type impurity region 27b. Insu-
lating film sidewalls 26 are formed at both sides of the gate
electrode 24a and at sides of each of the dummy gate
electrodes 24b. Salicide films 28 are formed on surfaces of
the first heavily doped n-type impurity region 274, the gate
electrode 244, and the dummy gate electrode 24b. The
salicide film 28 is also formed on a portion of a surface of
the second heavily doped n-type impurity region 27b that
does not have the dummy gate electrodes formed thereon. A
planarizing layer 29 is formed having contact holes 30
exposing surfaces of the first and second heavily doped
impurity regions 27a and 27b. Metal wirings 31 electrically
connect the first and second heavily doped n-type impurity
regions 27a and 27b in the semiconductor substrate 21
through the contact holes 30. The first heavily doped n-type
impurity region 27a is a source region and the second
heavily doped n-type impurity region 27b is a drain region.
The second heavily doped n-type impurity region 27b is
wider than other regions.

FIG. 6 illustrates a lay-out of an ESD protection circuit in
accordance with a second embodiment of the present
invention, and FIG. 7 illustrates a section across line V—V
of the ESD protection circuit shown in FIG. 6.

Referring to FIGS. 6 and 7, the ESD protection circuit in
accordance with the second embodiment of the present
invention includes isolating films 22 of STI structures
formed in field regions of a semiconductor substrate 21
having an active region and the field regions defined thereon.
A gate insulating film 23 is formed on the active region of
the semiconductor substrate 21. A gate electrode 24a is
formed on the gate insulating film 23 oriented in one
direction. First and second heavily doped n-type impurity
regions 27a and 27b are formed in a surface of the semi-
conductor substrate 21 on both sides of the gate electrode
244, and a plurality of dummy gate electrodes 24b are
formed on the second heavily doped n-type impurity region
27b at fixed intervals and oriented in a direction identical to
a direction of the gate electrode 24a. Insulating film side-
walls 26 are formed at both sides of the gate electrode 24a
and at sides of each dummy gate electrode 24b. Salicide
films 28 are formed on a surface of the first heavily doped
n-type impurity region 27a, a surface of the gate electrode
244, and surfaces of each of the dummy gate electrodes 24b.
The salicide film 28 is also formed on a portion of a surface
of the second heavily doped n-type impurity region 27b
without the dummy gate electrodes 24 formed thereon. A
planarizing layer 29 is formed having contact holes 30
exposing surfaces of the first and second heavily doped
impurity regions 27a and 27b. Metal wirings 31 electrically
connect the first and second heavily doped n-type impurity
regions 27a and 27b in the semiconductor substrate 21
through the contact holes 30. The first heavily doped n-type
impurity region 27a is a source region, and the second
heavily doped n-type impurity region 27b is a drain region.
The second heavily doped n-type impurity region 27b is
wider than other regions.

FIG. 8 illustrates a lay-out of an ESD protection circuit in
accordance with a third embodiment of the present
invention, and FIG. 9 illustrates a section across line VI—VI
of the ESD protection circuit shown in FIG. 8.

Referring to FIGS. 8 and 9, the ESD protection circuit in
accordance with a third embodiment of the present invention
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6

includes isolating films 22 of STT structures formed in field
regions of a semiconductor substrate 21 having an active
region, and field regions defined thereon. A gate insulating
film 23 is formed on the active region of the semiconductor
substrate 21. A gate electrode 24a is formed on the gate
insulating film 23 in one direction. First and second heavily
doped n-type impurity regions 27a and 27b are formed in a
surface of the semiconductor substrate 21 on both sides of
the gate electrode 24a. A plurality of dummy gate electrodes
24b are formed in a checkered pattern on the second heavily
doped n-type impurity region 27b and offset from the gate
electrode 24a. Insulating film sidewalls 26 are formed at
both sides of the gate electrode 24a and at sides of each
dummy gate electrode 24b. Salicide films 28 are formed on
surfaces of the first heavily doped n-type impurity region
27a, the gate electrode 244, and the dummy gate electrodes
24b. The salicide film 28 is also formed on a portion of a
surface of the second heavily doped n-type impurity region
27b without the dummy gate electrodes 24b formed thereon.
A planarizing layer 29 is formed with contact holes 30
exposing surfaces of the first and second heavily doped
impurity regions 27a and 27b. Metal wirings 31 electrically
connect the first and second heavily doped n-type impurity
regions 27a 20 and 27b in the semiconductor substrate 21
through the contact holes 30. The first heavily doped n-type
impurity region 27a is a source region, and the second
heavily doped n-type impurity region 27b is a drain region.
The second heavily doped n-type impurity region 27b is
wider than other regions.

FIGS. 10A-10G illustrate sections across line V—V in
FIG. 6 showing the steps of fabrication of the ESD protec-
tion circuit in accordance with the second preferred embodi-
ment of the present invention.

Referring to FIG. 10A, trenches are formed in the field
regions of the semiconductor substrate 21 having the active
region and the field regions defined thereon. An insulating
film is formed on an entire surface of the semiconductor
substrate 21, including the trenches, and is etched back,
forming the isolating films 22 of STI structures in the
trenches. As shown in FIG. 10B, the gate insulating film 23
and a gate electrode conductive layer 24 are formed on the
entire surface of the semiconductor substrate 21 and the
isolating film 22. The conductive layer 24 is formed of
polysilicon. A photoresist film 25 is formed on the conduc-
tive layer 24 and patterned by exposure and development,
forming a plurality of photoresist films with different widths.
As shown in FIG. 10C, the conductive layer 24 and the gate
insulating film 23 are selectively removed using the pat-
terned photoresist film 25 as a mask, forming the gate
electrode 24a, together with the plurality of dummy gate
electrodes 24b having smaller widths and offset from the
gate electrode 244, and forming either a checkered pattern,
or oriented in a direction perpendicular to a direction of the
gate electrode 24a, or oriented in the same direction as the
direction of the gate electrode 24a. As shown in FIG. 10D,
the photoresist film 25 is removed, and an insulating film is
formed on the semiconductor substrate 21 including the gate
electrode 244, and is etched back to form the insulating film
sidewalls 26 at both sides of the gate electrode 24a and at
sides of each of the dummy gate electrodes 24bH. Then,
n-type impurity ions (ESD ions) for source/drain are injected
into a surface of the semiconductor substrate 21 using the
insulating film side walls 26, the gate electrode 24a and the
dummy gate electrodes 24b as a mask, forming the first and
second heavily doped n-type impurity regions 27a and 27b
in surfaces of the semiconductor substrate 21 on both sides
of the gate electrode 24a and at sides of the dummy gate
electrodes 24b. In this instance, because the second heavily
doped n-type impurity regions 27b are formed to be DCFS
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(Drain Contact to Gate Space) regions much wider than the
smallest design dimension, and the dummy gate electrodes
24b are formed to have minimum design widths for a smooth
current flow in the second heavily doped n-type impurity
region 27b, the second heavily doped n-type impurity
regions 27b are connected to one another. As shown in FIG.
10E, a material for forming a salicide film is deposited on an
entire surface of the semiconductor substrate 21, including
the gate electrode 24a, and annealed, thus forming the
salicide films 28 on surfaces of the first heavily doped n-type
impurity region 274, the gate electrode 244 and the dummy
gate electrodes 24b. The salicide film 28 is also formed on
an exposed portion of a surface of the second heavily doped
n-type impurity regions 27 without the dummy gate elec-
trodes 24b. The material for forming the salicide film which
did not react with silicon in the semiconductor substrate is
removed in a later cleaning process. As shown in FIG. 10F,
BPSI OF, BPSG or SOG is deposited on an entire surface of
the semiconductor substrate 21 to form the planarizing layer
29, and is then selectively removed by photolithography and
etching forming the contact holes 30 exposing portions of
surfaces of the first and second impurity regions 27a and
27b. As shown in FIG. 10G, a metal layer is deposited on an
entire surface of the semiconductor substrate 21 and in the
contact holes 30, and selectively removed to form the metal
wirings 31 for electrical contacts to the semiconductor
substrate 21 through the contact holes 30.

The ESD protection circuit and the method for fabricating
the same of the present invention have the following advan-
tages.

First, a separate mask for formation of a salicide is not
necessary due to formation of the dummy gate electrodes on
a surface of the drain region, and manufacturing cost is
reduced.

Second, the ballistic resistance obtained by not forming
the salicide on a surface of the drain region improves the
ESD performance.

Third, the omission of the steps of covering and removing
of a mask so as not to form the salicide film on the ESD
protection circuit region simplifies the fabrication steps.

Fourth, the prevention of an over etch of the isolating film
by omission of a mask and cleaning process improves device
reliability.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the ESD
protection circuit and the method for fabricating the same of
the present invention without departing from the spirit or
scope of the invention. Thus, it is intended that the present
invention cover the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:

1. A method for fabricating an ESD protection circuit
comprising the steps of:

forming field regions and an active region in a semicon-
ductor substrate;

forming isolating films in the field regions;

forming a gate insulating film on the active region and a
conductive layer on the gate insulating film;

selectively removing the conductive layer and the gate
insulating film to form a gate electrode;

forming a plurality of dummy gate electrodes on one side
of the gate electrode and offset from the gate electrode;

forming insulating sidewall spacers at both sides of the
gate electrode and at sides of each of the plurality of
dummy gate electrodes;
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forming first and second heavily doped impurity regions
in a surface of the semiconductor substrate at both sides
of the gate electrode and at sides of each of the plurality
of dummy gate electrodes;

forming salicide films on a surface of the first heavily

doped impurity region, on a surface of the gate elec-
trode and on surfaces of each of the plurality of the
dummy gate electrodes; and

forming metal wirings for electrically connecting to the

first and second heavily doped impurity regions.

2. The method as claimed in claim 1, wherein the step of
forming isolating films includes the steps of:

forming trenches in the field regions of the semiconductor

substrate;

forming an insulating film on an entire surface of the

semiconductor substrate and in the trenches; and
etching back the insulating film.

3. The method as claimed in claim 1, wherein the step of
forming the plurality of dummy gate electrodes forms the
dummy gate electrodes having minimum widths for facili-
tating a flow of currents in the second heavily doped
impurity regions.

4. The method as claimed in claim 1, wherein the step of
forming the plurality of dummy gate electrodes forms the
plurality of dummy gate electrodes on the second heavily
doped impurity region.

5. The method as claimed in claim 1, wherein the step of
forming the plurality of dummy gate electrodes forms each
of the plurality of dummy gate electrodes oriented in a
direction perpendicular to a direction of the gate electrode
and offset from the gate electrode.

6. The method as claimed in claim 1, wherein the step of
forming the plurality of dummy gate electrodes forms each
of the plurality of dummy gate electrodes oriented parallel to
the gate electrode and offset from the gate electrode.

7. The method as claimed in claim 1, wherein the step of
forming the plurality of dummy gate electrodes forms the
dummy gate electrodes offset from the gate electrode and
arranged in a checkered pattern.

8. The method as claimed in claim 1, wherein the step of
forming salicide films includes the steps of:

depositing a material for forming a salicide on a surface

of the semiconductor substrate; and

annealing the semiconductor substrate and the material

for forming a salicide.

9. The method as claimed in claim 1, wherein the step of
forming the first and second heavily doped impurity regions
forms the second heavily doped impurity region wider than
the first heavily doped impurity region.

10. The method as claimed in claim 1, wherein the step of
forming first and second heavily doped impurity regions
includes the step of injecting n-type impurity ions into the
semiconductor substrate.

11. The method as claimed in claim 1, wherein the step of
selectively removing the conductive layer and the gate
insulating film to form a gate electrode forms the gate of
electrode of polysilicon, and wherein the step of forming a
plurality of dummy gate electrodes forms the plurality of
dummy gate electrodes of polysilicon.

12. The method as claimed in claim 1, wherein the step of
selectively removing the conductive layer and the gate
insulating film to form a gate electrode and the step of
forming a plurality of dummy gate electrodes are performed
simultaneously.



